Estimates of trends in birth weight may be useful in evaluating population health. We aimed to determine whether temporal changes in birth weight have occurred amongst 2.3 million neonates born in Guangzhou, China, during 2001-2015 and investigate the socioeconomic determinants of any changes. Trends in mean birth weight and annualized changes with the associated 95% confidence intervals (CIs) in the incidence of small for gestational age (SGA) and large for gestational age (LGA), defined as birth weight <10 th or >90 th centile respectively for gestational age and sex, were examined using linear and Poisson regression models. We found that mean birth weight declined by 1.07 grams/ year from 2001 to 2015. After adjustment for gestational length, the decline in birth weight was attenuated (0.37 grams/year). The incidence of both SGA and LGA significantly decreased during the study period (annual decrease of 1.6% [95% CI, 1.5% to 1.7%] for SGA, 1.6% [95% CI, 1.5% to 1.8%] for LGA). We found a narrowing of disparities in SGA and LGA incidence across different maternal educational levels and residence location. Our results demonstrate that there has been an increase in the proportion of neonates born in the healthy birth weight range in Guangzhou.
is remarkably similar. The INTERGROWTH-21 st birth weight standard therefore provides a valid instrument to compare fetal growth and birth weight throughout the world.
Data available on long-term trends of birth weight in China have been limited. We previously demonstrated in Guangzhou that babies born in 2012, when compared to 2002 8 , had lower mean birth weight with reduced incidence of SGA and LGA. It is possible however that this difference may not represent the actual long-term trends. We aimed to examine trends in mean birth weight and incidence of SGA and LGA among 2.3 million singleton births during 2001-2015 and whether these trends reflected changes in maternal characteristics including indicators of changing socio-economic status.
Results
Trends in maternal and infant characteristics. Maternal Trends in birth weight and gestational length. Table 2 depicts yearly means of birth weight and gestational length, and the incidence of SGA and LGA during 2001-2015 in Guangzhou. Whilst mean newborn birth weight increased from 3191 grams in 2001 to 3212 grams in 2004, there was a decrease in 2009 to 3197 grams, with fluctuations between 2010 and 2015. Gestational length decreased from 39.02 weeks in 2001 to 38.84 weeks in 2015 ( Table 2) . During this 15-year period, the overall incidence of SGA, appropriate for gestational age (AGA) and LGA were 6.2%, 84.5%, and 9.3%, respectively; and when restricted to infants born preterm (gestational age at birth less than 37 weeks), the SGA and LGA incidence were 5.7% and 9.5%, respectively. The observed incidence of SGA in Guangzhou declined from 8.0% in 2001 to 5.6% in 2015, while that of LGA seemed to be stable at 8-9% (Table 2) . Correspondingly, the observed incidence of AGA increased steadily from 83.1% in 2001 to 85.6% in 2015. Table 3 shows the change per year in birth weight and gestational length and the incidence of SGA and LGA. In the crude model using birth year as a linear predictor, birth weight declined by 1.07 grams/year, with a steeper slope after adjustment for maternal age at delivery, parity and infant sex (2.70 grams/year), and was largely attenuated but not eliminated (0.37 grams/year) after further adjusting for gestational length (Table 3 ). This decrease in birth weight appeared to be more pronounced among boys (0.48 grams/year; 95% CI, 0.31 to 0.65 grams/year) than girls (0.24 grams/year; 95% CI, 0.06 to 0.42 grams/year). There was also a trend for shorter gestational length, after adjustment for maternal age, parity and infant sex (−0.02 week/year). Considering birth weight for gestational age, the incidence of both SGA and LGA significantly decreased. After adjustment for maternal age, parity, infant sex and gestational length, the decreasing trend in SGA incidence was less pronounced but remained significant, while that in LGA incidence was strengthened (annual decrement of 1.6% [95% CI, 1.5% to 1.7%] for SGA, 1.6% [95% CI, 1.5% to 1.8%] for LGA) ( Table 3 ). The results did not change substantially when the analysis was restricted to term birth babies.
Stratified trends in incidence of SGA and LGA. Figure 1 presents the stratified trends in incidence of SGA and LGA. Newborns of younger mothers (<25 years), with lower educational attainment and living in ex-urban areas had increased risk of SGA while a decreased risk of LGA ( Fig. 1 ). The trends in incidence of SGA and LGA among the other maternal age groups were very similar. Newborns of mothers with lower education level tended to have more evident decreasing trend in SGA incidence ( Fig. 1c ), whereas those of mother with high education had more evident decreasing trend in LGA incidence (Fig. 1d ). The decreasing trend in SGA incidence was more pronounced among mothers who lived in exurban area ( Fig. 1e ), while the downward trend in LGA incidence appeared to be more evident among mothers who lived in the central area ( Fig. 1f ). After adjusting for maternal and infant characteristics, all subgroups had decreasing trends in SGA and LGA incidence ( Supplementary Table 1 ). location tend to become null in later years (Table 4 ). Significant interactions between birth year and maternal education and residence locations were observed (P < 0.001), suggesting a narrowing of the disparities in SGA and LGA risks across different maternal educational levels and residence locations.
Discussion
In one of the most developed cities in China, we found mean birth weight declined by 1.07 grams/year from 2001 to 2015. This decline was largely explained by shorter gestational length. We have demonstrated that during this same time, both SGA and LGA incidence decreased (annual decrease of 1.6% [95% CI, 1.5% to 1.7%] for SGA, 1.6% [95% CI, 1.5% to 1.8%] for LGA), which cannot be entirely explained by changes in maternal and infant characteristics. By using education and residence location as proxies for maternal socio-economic status, we present evidence that the disparities in SGA and LGA risk between mothers with different socio-economic status has narrowed. Studies of secular trends of birth weight in developed countries have demonstrated birth weight has begun to decline during the last three decades [9] [10] [11] [12] [13] [14] [15] . In the United States, mean birth weight among term singleton neonates decreased from 3441 grams in 1990 to 3389 grams in 2004 (3.0 grams/year), independent of decreasing gestational length 12 . Such data from China have been relatively sparse and mostly short-term. An analysis from southeast China found the mean birth weight for term and post-term infants decreased from 3378 grams in 2000 to 3369 grams in 2005 16 . By contrast, a recent study in Shaanxi province (northwestern China) reported the rates of low birth weight decreased while those of macrosomia increased, indicating an increase in higher birth weights in this population 17 . Our data demonstrate that there has been a decrease in mean birth weight in Guangzhou. Gestational age is a strong determinant of birth weight; thus changes in gestational age at birth may result in trends in birth weight. Over the 15-year study period, we observed mean gestational length in Guangzhou decreased from 39.02 to 38.79 weeks (1.6-day difference). After adjustment for gestational length, the downward trend of mean birth weight was largely attenuated, suggesting the shortening of gestation length was likely to be responsible for the observed decrease in mean birth weight, which is in contrast to the observations from the United States 12 .
We observed that the incidence of SGA and LGA in our population decreased over time. After adjusting for maternal age, parity, infant sex and gestational length, the decreasing trend of SGA incidence was attenuated but remained significant, while that of LGA incidence was strengthened, indicating these covariates did not, at least not fully, explain the decline in incidence of SGA and LGA. A plausible explanation of the observed trend is the improvement of maternal care, resulting from a variety of public health programs in Guangzhou that aimed to promote maternal and child health ( Supplementary Fig. 1 ). In 2001 and 2011 two 10-year Development Guidelines for Women and Children's Health were set by the local government, respectively, aiming to improve reproductive health services and birth outcomes, and setting specific targets for maternal health. These targets included: increasing the proportion of pregnant women receiving systematic management (establishment of health records, ≥5 times prenatal visit, delivery in hospital and ≥1 postpartum visit) to 95% or above by 2015; reducing rates of maternal moderate-to-severe anemia; and reducing rates of low birth weight. Other public health measures ( Supplementary Fig. 1 ), including regular obstetric care quality assessment, clinical training for obstetricians and improved management of high-risk pregnancies, have also contributed to the quality of maternal care. Data from Guangzhou Maternal Health Surveillance Annual Report showed that rates of pregnant women receiving systematic management increased from 78.7% in 2001 to 95.9% in 2015, rates of starting the prenatal visit at first trimester increased from 81.9% in 2001 to 96.7% in 2015, and rates of maternal moderate-to-severe anemia decreased from 1.36% in 2008 to 0.29% in 2015 (data not published), supporting the effectiveness of public health measures and improvement of maternal care in Guangzhou. In our previous study, we found the mean birth weight in 2012 was 25 grams lower than that in 2002 (roughly equal to a 2.27 grams/year) 8 . This magnitude of the decrease appeared to be stronger than that observed in current study (1.07 grams/year). On the other hand, the decreasing trend of SGA incidence in current analysis is more evident (from 8.0% in 2001 to 5.6% in 2015) than that in our previous report (9.2% in 2002 and 8.6% in 2012). These differences might be due to the fact that in the current analysis we have included a much larger dataset (2.3 million babies) than previous study (<90 thousand babies) and used the INTERGROWTH-21 st standard to define SGA and AGA instead of local birth weight reference 8 . In the current study we also found narrowing disparities in incidence of SGA and LGA across maternal educational levels and residence locations. This might also be attributed by the implementation of above-mentioned public health programs in Guangzhou ( Supplementary Fig. 1) , which improved the equality for access to antenatal care service. Our findings suggest that the gap in birth weight outcomes across social classes could be closed by removing the barriers of access to healthcare services for the less privileged population, which has important public health implications in other parts of China and elsewhere.
The major strength of present study is the use of a large (over 2.2 million births) and up-to-date (until 2015) dataset covering a sufficiently long period of time (15 years) to examine the trends in birth weight. In addition, we used the INTERGROWTH-21 st standard to define SGA and LGA. To the best of our knowledge, until now this new standard has not been used to inspect temporal trends in birth weight in any population. Some studies have advocated the continued use of local or customized charts 18, 19 ; however these local charts are only relevant to the population and time from which they were derived and hence make comparison between populations and studies impossible.
Some limitations need to be mentioned. Firstly, because the Guangzhou Perinatal Health Care and Delivery Surveillance System (GPHCDSS), from which we obtained the data, was not designed for research purposes, some variables relevant to fetal growth were not collected. This meant that we were unable to examine the contribution of pre-pregnancy body mass index (BMI), gestational weight gain, maternal diet and smoking 20 . Secondly, although it is standard practice to confirm gestational age using ultrasound examination during first or early second trimester in Guangzhou 21 , the last menstrual period-based method was also used in some rural areas, which may have resulted in miscalculation of gestational age. Lastly, we have no data on length and head circumference at birth, two other important indicators of fetal growth, in this dataset.
In conclusion, although mean birth weight decreased slightly, we observed a substantial improvement in key fetal growth indicators (SGA and LGA) in Guangzhou during 2001-2015. This occurred in parallel to improvements in maternal health care. Birth size is a strong predictor of not only short-term health outcome but also long-term consequences during adulthood. Optimization of birth weight for gestational age could have a significant influence on child health. By sharing the experience learnt in Guangzhou, we hope that this improvement may be replicated as other regions in China and other low-and middle-income countries.
Methods

Data Source and Study Population. Birth data between 2001 and 2015 were acquired from the
Guangzhou Perinatal Health Care and Delivery Surveillance System (GPHCDSS), which has been described elsewhere 8, 22, 23 . In brief, the electronic GPHCDSS database was implemented in 2000, and covers over 99% of deliveries in Guangzhou (population: 13 million). Dedicated trained health workers are responsible for collating and registering birth information at each hospital. Validity was confirmed at various levels: by the Chief Midwife, the Chief Physician, and the Department of Medical Administration at each hospital; by the newborns' parents at the time when the birth certificate was issued; and by the Guangzhou Municipal Health Bureau through annual sampling survey. From this surveillance system information on maternal demographics, pregnancy and delivery was collected.
This analysis included all singleton live births delivered in Guangzhou from 2001 to 2015, with gestational ages between 33 and 42 completed weeks of gestation that in line with the INTERGROWTH-21 st Birth Weight Standards 7 . We also obtained information from the GPHCDSS dataset on maternal and newborn characteristics, including maternal age at delivery and educational level, parity, delivery mode, date of birth, newborn's sex, gestational age and birth weight.
A total of 2,388,629 records of live births born in 2001-2015 were retrieved and 97,884 were excluded due to duplicate records (n = 8826), multiple pregnancy (n = 63,530), missing or implausible data on birth weight (n = 1274), sex (n = 31), and gestational age (n = 999), gestational age of less than 33 weeks (n = 18,414), or more than 42 weeks (n = 4,810). As a result 2,290,745 records of singleton live births were included in the analysis. This study was conducted in compliance with local and national regulations and was approved by the institutional ethical committee board of Guangzhou Women and Children's Medical Center. Data used in this study were anonymous, and no individual identifiable information was available for the analysis.
Measurements and Definitions of SGA and
LGA. Birth weight (in grams) was measured routinely by registered midwives using an electronic weighing scale within half an hour of delivery. Gestational age at birth was determined based on an ultrasound examination in the first or second trimester and was expressed as completed weeks. Where ultrasound data were unavailable, the last menstrual period was used to calculate gestational age. We defined SGA or LGA as birth weight below the 10 th or above 90 th centile of a sex-and completed gestational age specific birth weight, according to the published INTERGROWTH-21 st standard 7 . Infants having birth weight between 10 th and 90 th centiles were considered to be AGA.
Statistical Analyses.
Descriptive statistics of maternal and infant characteristics are shown in 3 discrete 5-year periods (2001-2005, 2006-2010 and 2011-2015) , including maternal age (<25, 25-29, 30-34 and ≥35 years), educational level (low: junior school or less; medium: high school; high: college or above), parity (1 and ≥2), residence location (central area, suburb area and exurban area), delivery mode (vaginal delivery, assisted breech delivery and cesarean delivery) and infant sex (male and female). We then calculated the mean values of birth weight, gestational length, the incidence of SGA and LGA for each year between 2001 and 2015. Trends in birth weight and gestational length assessed using linear regression models, with birth year included as a continuous variable, and trends in SGA and LGA were examined using Poisson regression models with robust variance to estimate risk ratios (RRs) and 95% confidence intervals (CIs) for the change per year. We presented 3 models to explore the trends in outcomes: Model 1 was unadjusted to quantify the crude trend; Model 2 was adjusted for maternal age, parity and infant sex; Model 3 was further adjusted for gestational length that had a decreased trend. If changes in covariates accounted for the observed trends in the outcomes, adjustment for these variables would attenuate the estimated RRs of birth year. We did not adjust for maternal education in the model because data on education level had not been routinely collected since 2014 and the estimates of RR changed only slightly when included education level in the model.
We then presented the trends in incidence of SGA and LGA graphically, stratifying by maternal age groups, educational level and residence location, respectively. To describe the difference in risk of SGA and LGA among these subgroups, we calculated RRs and 95% CIs of each subgroup for each year separately. We also included multiplicative interaction terms between birth year and maternal age groups, educational level, residence location in Model 3 separately to test whether the difference in risk of SGA and LGA among these subgroups differed over the 15-year period.
We used SAS version 9.2 (SAS Institute, Cary, NC) for all statistical analyses.
Data availability. The data that support the findings of this study are available from Guangzhou Women and Children's Health Information Center but restrictions apply to the availability of these data, which were used under license for the current study, and so are not publicly available. Data are available from the authors upon reasonable request and with permission of Guangzhou Women and Children's Health Information Center (contact Xiao-Yan Xia at xiaxy0656@163.com).
